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ÅThe objective of this project is to develop an efficient, compact cryogenic air separation 
unit (ASU) for production of distributed, low-cost LO2 and LN2

ÅWe hope to achieve this goal by replacing two of the three modules of an ASU with two 
innovative technologies:

ÁReplace turbo-Brayton cycle air liquefiers with magnetocaloric liquefiers (MCLs)

V Increase ASU energy efficiency by ~40% and decrease capex by ~25%

ÁReplace conventional distillation columns with microchannel distillation columns (MCDs)

V Reduce distillation footprint by ~10 times

ÅThis presentation summarizes progress made during the past year (since May 2, 2022)

Low-cost LO2 and LN2 create a path to low cost LH2

from small gasification projects with CCU
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MOLS Prototype Update: Designed to cool from 270 K 
to 100 K and liquefy ~1 kg/day air at 100 psia

M
a

g
n

e
t

M
a

g
n

e
t

1

2

3

4

5

1

2

3

4

5

Drive shaft (not 

shown) is

non-magnetic 

stainless steel (ss)

Top and bottom 

passive 

regenerators for 

diversion flow are

non-magnetic ss 

spheres

CHEX and axial 

support spacers 

are non-magnetic 

ss or G-10

Non-magnetic 

region at bottom 

end

First Iteration w/ 

Force Balance Rods

Soft Fe to 

balance 

forces and 

reduce AC 

losses

1st gen worked 

well in terms of 

force balance, 

but magnet 

heating 

prevented 

target cycle 

frequency of 

0.25 Hz

Plan to modify 

MOLS 

assembly to 

include SS 

shell to 

eliminate 

leaks; critical 

for propane as 

HTF

SS shell used in 

hydrogen liquefier

2nd gen uses 

low carbon 

steel to fill in 

gaps in 

magnetic 

signature; still 

saw magnet 

heating that 

prevented 

0.25 Hz

Second Iteration w/ Flux 

Balancing Exoskeleton
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Analysis of results and simulations revealed 
there are two sources of magnet heating in 

reciprocating designs

Å AC losses are caused by changes in the current in the persistent mode magnet coil 

to keep the flux density B constant when the magnetization M of objects that move 

through the bore change where: ὄ ‘ Ὄ ὓ ὅέὲίὸȢ

Å Changes in radial magnetic flux density vector orientations induce eddy currents in 

magnet structures due to Faraday's Law:   ‐ὩάὪ ὔ

Å Latest tests at 0.25 Hz indicate 5.4 W of magnet heating due to AC losses and eddy 

currents. At 0.083 Hz, the cryocooler can keep up with eddy current heating. At this 

lower frequency, MOLSô cooling capacity during start up is too small.

Å Force balance and magnetic flux density uniformity issue has been solved which 

limits both AC and eddy current losses. 


